The recent availability for clinical use of a series of recombinant human growth factors (HGFs) represents the culmination of 25 years of intensive research into the physiology of normal haemopoiesis. The development of clonal assays for primitive murine haemopoietic cells in vivo (Till and McCulloch, 1961) and then in vitro (Pluznick & Sachs, 1965; Bradley & Metcalf, 1966) enabled the growth requirements of developmentally early haemopoietic cells to be studied. Progress was accelerated by the adoption of successful strategies to clone the genes encoding for many of the growth factors, referred to as colony-stimulating factors by virtue of their ability to support the growth in vitro of haemopoietic colonies (Metcalf et al., 1986; Clark & Kamen, 1987) .
All myeloid and lymphoid cells arise from a common pool of multipotential stem cells (Keller et al., 1985) which are capable of self renewal or the formation of more mature progeny. As the primitive cells proliferate there is concomitant differentiation with increasing commitment to one lineage, and then the acquisition of the mature phenotype of a given cell lineage. Either the recruitment of more primitive cells into the proliferating pool or the insertion of extra cell divisions in the differentiation pathway would result in amplification of the mature cell pool. These processes of haemopoietic proliferation and differentiation are controlled at least in part by the HGFs although, with the exception of erythropoietin, the precise in vivo role of the different factors is not understood.
The HGFs can be considered as three families of factors with overlapping activities. Firstly, there are the late-acting factors which are relatively lineage restricted and stimulate the terminal divisions and differentiation of a specific cell lineage (Table I ). In addition, some of these factors have profound functional effects upon the mature cells of that lineage which are present in the peripheral blood. Secondly, there are the multi CSFs, the paradigm example of which is interleukin 3 (IL-3). The activity of this factor is largely limited to cells at an intermediate stage of differentiation, although the earlier cells of many haemopoietic lineages express receptors and respond to this factor (Bot et al., 1988) . Granulocyte-macrophage colony-stimulating factor (GM-CSF) does not fit readily into either of the above two categories. It shares many of the multi-CSF activities with IL-3, although probably acting on a slightly 'later' cell. In addition, as its name implies it also stimulates the terminal divisions of the granulocyte and monocyte series, and modulates the function of mature granulocytes and monocytes analogous to the other 'late acting factors' (Sieff et al., 1985; Clark & Kamen, 1987) .
Thirdly, there are the factors such as IL-1 (also called haemopoietin 1) and IL-6 which affect very primitive haemopoietic cells. These cells are difficult to study by virtue of their rarity and their requirement for the marrow microenvironment (Dexter et al., 1977) so that the precise effects of IL-1 and IL-6 are not fully clear. It appears that these factors render the most primitive cells sensitive to the 'multi CSFs' and later acting factors, by stimulating division and maturation of these early cells, by upregulating the receptors for the multi CSFs and later acting factors independent of cell division, or by inducing the transition of primitive cells from Go to G1 and thus rendering them more sensitive to the effects of other factors. In vitro IL-1 alone does not cause colony growth but combined with other factors it permits the growth of very large colonies from primitive cells (Stanley et al., 1986) . For this reason, it is often referred to as a synergistic factor. As one moves from the late-acting factors to the early-acting factors there is increasing promiscuity of target cell reactivity so that, whereas the effects of G-CSF are largely restricted to cells of the committed granulocyte lineage IL-1 and IL-6 have multiple activities, including effects on lymphocytes and hepatocytes and the induction of fever (Durum et al., 1985; Wong & Clark, 1988) . This has obvious implications for clinical exploitation.
In vivo animal studies with the recombinant HGFs have been in accord with the results of previous in vitro studies. G-CSF causes a rapid rise in the neutrophil count in hamsters with no change in the monocyte, eosinophil or lymphocyte count (Cohen et al., 1987) . Similar effects are produced in cynomolgus monkeys except that there is also a rise in the T lymphocyte numbers (Welte et al., 1987) . The circulating granulocytes are functionally 'primed' in vivo and demonstrate enhanced phagocytosis and killing activity (Welte et al., 1987 ). Human studies demonstrate a similar rapid and marked rise in the neutrophil count with only a minor rise in the monocyte and lymphocyte numbers and with no change in the eosinophil or platelet counts (Bronchud et al., 1987; Morstyn et al., 1988) .
Intraperitoneal injections of recornbinant murine GM-CSF into mice cause a moderate increase in circulating neutrophils with accumulation of neutrophils, monocytes and eosinophils in the peritoneal cavity (Metcalf et al., 1987) . This is associated with decreased cellularity and decreased progenitor cell content of the marrow. In nonhuman primates GM-CSF causes a marked rise in the peripheral neutrophil and eosinophil count with a slightly lesser rise in the monocyte and lymphocyte counts (Donahue et al., 1987; Mayer et al., 1987) . In contrast to murine studies there is no decrease in bone marrow cellularity. The initial human studies in patients with HIV infections showed that GM-CSF caused a similarly rapid rise in circulating neutrophil, eosinophil and monocyte numbers, associated with increased bone marrow cellularity (Groopman et al., 1987) . The circulating phagocytes are also primed by GM-CSF and show enhanced phagocytosis and killing ability (Baldwin et al., 1988) . Human GM-CSF has also been shown to accelerate haemopoietic recovery in monkeys given total body irradiation (Nienhuis et al., 1987 (Donahue et al., 1987b) .
IL-1 has been reported to hasten granulocyte recovery following chemotherapy in mice, particularly when given in combination with G-CSF (Stork et al., 1987; Moore & Warren, 1987) . In monkeys IL-1 had no effect on granulocyte recovery but did appear to accelerate platelet recovery (Monroy et al., 1987) . Most interestingly, IL-1 given before sub-lethal total body irradiation has been reported to prevent severe myelosuppression (Neta et al., 1986 ). The mechanism is obscure. The in vivo effects of IL-1 are particularly difficult to evaluate because of its multisystem effects, including the potent stimulation of the production of other haemopoietic growth factors, in addition to its direct effects on early stem cells.
There are numerous potential clinical uses for the HGFs and some of these are listed in Table II (Bronchud et al., 1987) , a variety of metastatic cancers (Morstyn et al., 1988) and transitional cell carcinoma of the uroepithelium (Gabrilove et al., 1988) , G-CSF caused a dose-dependent reduction in the neutrophil nadir and the duration of neutropaenia. At the highest level used there was also a more prompt recovery of the monocyte count (Gabrilove et al., 1988) . The incidence of chemotherapy associated sepsis appeared to be less in recipients of G-CSF (Bronchud et al., 1987; Gabrilove et al., 1988) and in one study there was a significant reduction in the incidence of mucositis (Gabrilove et al., 1988) . The only toxicity reported was mild to moderate bone pain associated with the G-CSF infusions (Morstyn et al., 1988; Gabrilove et al., 1988) . These encouraging studies have been carried out with chemotherapy protocols where the period of severe neutropaenia (<0.5 x 109 1 -) is relatively short, and it will be of great interest to see whether G-CSF proves as efficacious with more intensive therapy, particularly in the heavily pretreated patient.
GM-CSF has also been reported to accelerate haemopoietic recovery following myelosuppressive therapy. In a study of eight patients receiving chemotherapy for inoperable sarcomas, GM-CSF, when administered after cessation of chemotherapy, resulted in higher nadir neutrophil counts and fewer neutropaenic days when compared to a cycle of drugs in which the GM-CSF was not given (Antman et al., 1987) . GM-CSF has also been evaluated with very intensive therapy made possible by autologous bone marrow rescue (Brandt et al., 1988; Devereux et al., 1988b ). In the study by Brandt and colleagues, once the neutrophils began to appear in the blood there was a rapid rise so that the neutrophil count at day 15 was significantly higher than in the historical control group. There was, however, only a slight shortening of the time to achieve a neutrophil count of 0.5 x 1091-1, which is conventionally taken to be a 'safe level'. In our own study in patients receiving intensive chemotherapy and autologous bone marrow transplants (ABMT) for resistant Hodgkin's disease, the median time to achieve a neutrophil count of 0. (Groopman et al., 1987; Devereux et al., 1987) . Bone pain has been reported in some patients, especially during bolus infusions (Vadhan-Raj et al., 1987) . At the highest doses (32-64 4ugkg-1day-1), more severe toxicity has been observed with central venous thrombosis and a capillary endothelial 'leak' syndrome (Brandt et al., 1988) . GM-CSF causes transient margination of neutrophils with sequestration in the lungs, which appears to be due in part to increased expression of adhesion promoting glycoproteins (Devereux et al., 1986 (De Vita, 1985) , and the HGFs might enable more efficacious treatment rather than just reduced toxicity. With increasing intensity of therapy, thrombocytopaenia becomes increasingly problematic and full exploitation of this approach may await the development of 'thrombopoietin'. Erythropoietin will support megakaryocyte colony growth in vitro and it will be important to determine the effects of and erythropoietin or GM-CSF and erythropoietin on platelet recovery. It is likely that combinations of HGFs will be more efficacious than single factors and the current studies with single factors must be viewed as the first step on a long journey. It is conceivable that HGFs would not only enable shorter treatment courses but that this could also be economically beneficial, with a shorter period of hospitalisation and less use of antibiotics and blood products. For widespread outpatient use this will probably require subcutaneous or even 'depot-preparation' administration. G-CSF can be given subcutaneously and studies are also in progress with GM-CSF although with any factor that stimulates macrophages there is the theoretical risk of granuloma formation at the injection site.
The effects of G-CSF and GM-CSF in man have been largely predictable from previous in vitro and in vivo animal studies. None the less, these phase I/II studies have increased our understanding of the normal physiology of haemopoiesis and the inflammatory process. The clinical value of the HGFs is still unproved, although the preliminary data are encouraging.. Well-designed randomised trials are now required to address the important biological issues and not just to satisfy the demands of the licensing authorities. Assessment of treatment efficacy must be based on quantifiable clinical endpoints and not just changes in the blood count.
